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Statement  of  the  Problem 

The  parent  award  for  this  equipment  grant  is  focused  on  the  investigation  of  unusual  nonlinear  dy¬ 
namics  in  quasi-optical  oscillator  arrays,  developing  models  to  predict  this  behavior,  and  performing 
the  necessary  experiments  to  verify  the  concepts.  Analysis  of  large  arrays  requires  the  numerical 
integration  of  large  sets  of  coupled  nonlinear  differential  equations.  This  is  a  very  computation¬ 
ally  intensive  task,  even  for  simple  arrays.  In  addition,  several  important  issues  have  arisen  that 
were  not  conceived  in  the  original  proposal,  which  would  significantly  increase  this  computational 
burden.  These  include  limits  on  scanning  range,  scanning  rates,  and  beamwidth  {ie.  size  of  the 
arrays),  modulation,  and  noise  analysis.  Incorporating  these  additional  models  and  features  into  our 
analysis  package  will  significantly  increase  the  complexity  of  the  equations  and  hence  the  resulting 
computation. 

In  order  to  design  the  active  antenna  elements  for  arrays,  knowledge  of  the  impedance  characteristics 
of  the  planar  radiating  structure  is  required.  For  well-known  antennas  like  the  microstrip  patch, 
the  open  literature  provides  all  the  necessary  information.  However,  patch  antennas  are  not  always 
desirable,  and  we  have  begun  to  explore  other  antennas  that  would  be  (a)  more  suitable  for  monolithic 
integration,  and  (b)  provide  wider  bandwidth  on  high  dielectric  constant  substrates.  One  example 
is  the  cpw-fed  folded-slot  antenna;  this  makes  integration  with  three-terminal  devices  very  easy,  and 
by  analogy  with  the  complementary  structure  (folded-dipole)  the  antenna  provides  more  bandwidth. 
However,  there  is  no  literature  describing  folded-slots  on  dielectric  substrates. 


Summary  of  Results 

During  this  reporting  period  we  have  concentrated  on  Finite-Difference  Time- Domain  (FDTD)  mod¬ 
elling  of  planar  antenna  structures.  Using  the  HP9000-735  workstation  provided  under  this  equipment 
augmentation,  we  have  developed  full  three-dimensional  FDTD  modelling  capability  for  any  passive 
microwave  circuit  structure.  This  program  has  allowed  us  to  explore  and  develop  cpw-fed  folded- 
slot  antennas  for  integrated  antenna  arrays  [1].  These  antennas  are  attractive  due  to  the  ease  of 
fabrication  (one  mask  step),  easy  integration  with  active  devices,  and  relatively  large  bandwidths. 


During  the  course  of  this  work  we  learned  that  addition  of  parasitic  slots  to  the  basic  folded-slot 
topology  could  provide  a  simple  technique  for  impedance  adjustment  and  bandwidth  broadening 
(1,5).  We  have  developed  several  such  “multi-slot”  antennas  with  driving-point  impedances  of  50Q, 
one  both  high  and  low  dielectric  constant  substrates.  Fractional  bandwidths  of  up  to  35%  have  been 
observed  experimentally.  The  FDTD  program  has  been  crucial  to  this  effort:  the  multi-slot  antennas 
are  quite  complicated  structures  to  analyze  by  other  means.  Figure  1  shows  a  typical  result  with 
three  slots  on  a  low-epsilon  substrate,  and  comparison  to  the  FDTD  predictions.  Figure  2  illustrates 
the  variation  of  impedance  with  the  number  of  slots  on  a  high-epsilon  substrate  (Alumina),  using 
measured  data  on  a  wafer  probing  station. 


These  new  antennas  have  been  integrated  with  active  devices  to  form  quasi-optical  amplifier  arrays 
[2,3].  A  16-element  array  at  10  GHz  was  fabricated  by  bonding  commercial  HBT  gain  blocks  (designed 
at  Rockwell  Science  Center)  directly  between  multi-slot  antennas  on  alumina  substrate,  shown  in 
figure  3.  This  array  provided  a  convincing  demonstration  of  these  new  antennas,  and  a  monolithic 
version  at  40GHz  is  now  under  development  at  Rockwell  using  these  antennas.  We  are  due  to  receive 
this  array  in  August  of  1995  for  testing. 
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